The Sandhill Fen reclamation watershed, commissioned by Syncrude Canada, Ltd, is the first attempt to reclaim a self-sustaining peat-forming wetland on a previously mined area. Here, we quantified net nitrogen mineralization rates at Sandhill Fen in the first and second years since initiation (2013)(2014).
The Sandhill Fen reclamation watershed, commissioned by Syncrude Canada, Ltd, is the first attempt to reclaim a self-sustaining peat-forming wetland on a previously mined area. Here, we quantified net nitrogen mineralization rates at Sandhill Fen in the first and second years since initiation (2013) (2014) .
Our main objective was to determine if nitrogen production potentials at Sandhill Fen were similar to six regional fens sampled across an ombrotrophic-minerotrophic peatland gradient. In the second year, net companies such as Syncrude Canada, Ltd. and Suncor Energy, Inc. are required to reclaim these disturbed areas, and return previously mined sites into ecological equivalents similar to undisturbed regional wetlands, namely, peat-forming fens, in order to meet mine closure policy requirements (Purdy et al. 2005; Price et al. 2009; Trites and Bayley 2009a; Rooney and Bayley 2011, Foote 2012) . Large scale reclamations on previously mined landscapes (i.e., areal extent >50 hectares in size) are quite different from smaller scale (areal extent <5 hectares in size) steam assisted gravity drainage (SAGD) reclamations on mineral soils (Vitt et al. 2011) . For example, in-pit (i.e., previously mined areas infilled with tailings sediments and processed water) reclamations generally involve 1) constructing highly engineered watersheds, 2) capping underlying tailings sediments with available reclamation substrates (i.e., overburden, subsoil mineral substrates) to prevent upward movement of compounds such as sodium, chloride, sulfate, and naphthenic acids, and 3) planting desirable wetland species tolerant to high concentrations of dissolved ions (Trites and Bayley 2009a; Price et al. 2009; Rooney and Bayley 2011, Foote 2012; Pouliot et al. 2012; Rezanezhad et al. 2012; Wytrykush et al. 2012) . Determining whether these novel wetland systems are representative of undisturbed regional peat-forming fens is challenging, given the many structural, chemical, and functional components that characterize boreal fens at all trophic levels.
D r a f t
Fen type wetlands occupy approximately 63% of the peatland area of the province of Alberta (Vitt et al. 2000) , and are important regional sinks of carbon and nitrogen (N) (Gorham 1991; Loisel et al. 2014) . Boreal fens are separated into four primary types, poor fens, moderate rich fens, extreme rich fens, and regionally rare saline fens based on specific floristic and chemical attributes (saline fens were not monitored in this study, and are not further described). Poor fens exhibit low surface-water pH values ranging from 4.0-5.5, low reduced electrical conductivity (EC) values below 50 µS cm -1 , and are dominated by a ground layer of Sphagnum mosses. Moderate rich fen surface-waters exhibit pH ranges from 5.6-7.0, and EC values typically less than 150 µS cm -1 (Vitt et al. 1995) . For extreme rich fens, surface-water pH ranges from 7.0-8.5, and EC values can exceed 500 µS cm -1
. Both moderate and extreme rich fens are dominated by a ground layer of true mosses, however, moderate rich fens may harbor some mesotrophic Sphagnum species (Vitt and Andrus 1977) . The overstory of both poor and rich fens can be shrub or tree-dominated, or in many cases, no woody vegetation is present and the system is dominated by mosses and sedges (see Vitt and Chee 1990 for list of species that define specific fen site types).
Under ideal climatic conditions, the vegetation in boreal fens exhibit high rates of net primary production (NPP) over the summer growing season (approximately 300 g m -2 yr -1
; Bartsch and Moore 1985; Campbell et al. 2000) that is sustained in part by microbial-mediated mineralization of organic matter, which supplies both organic and inorganic forms of N to peatland plants and microbes (Bayley et al. 2005; Basiliko et al. 2005; Wiedermann et al. 2009 ). Nitrogen mineralization is a bacterial and fungal mediated process that converts organically bound N into ammonium (Schimel and Bennett 2004) . In inorganic soils and peat, bacteria and fungi excrete enzymes able to break C-N covalent bonds, competing to immobilize inorganic N liberated in these reactions. The total sum of ammonium produced in an ecosystem (per gram, volume, area, or time) is termed gross N mineralization. Net N mineralization refers to the total amount of available inorganic N remaining following bacterial/fungal immobilization D r a f t 5 and denitrification, and is an index of plant available N (Hart et al. 1994; Schimel and Bennett 2004; Booth et al. 2005) . Net N mineralization rates vary considerably among ecosystems depending upon whether carbon or N is the primary limiting nutrient to soil heterotrophs (McGill and Cole 1981; Damman 1988) . The most common index of carbon and/or N limitation is based on soil C:N ratios. Soil C:N ratios exceeding 30:1 are indicative of N limited systems that typically have slow net N mineralization rates due to rapid N immobilization by soil microbes (Schimel and Bennett 2004) . When substrate C:N ratios are < 30:1, however, net N mineralization potentials increase (Damman 1988) . Net N mineralization rates in boreal fens are controlled by several edaphic and abiotic factors (e.g., soil C:N ratios, the degree of soil humification, aeration, soil moisture levels, pH, temperature), and rates are highly variable across differing peatland site types, ranging from net N immobilization to fast net N mineralization rates exceeding 40 mg N m -2 day -1 (Humphry and Pluth 1996; Bayley et al. 2005; Wray and Bayley 2008; Wood et al. 2015) . In general, net N mineralization rates in rich fens are faster than
Sphagnum-dominated peatlands due to higher soil N contents in rich fens, and net nitrification rates are slow for both fen types (Regina 1996; Bayley et al. 2005) due to the relatively anaerobic conditions characteristic of these systems. Nitrogen mineralization differences between fen types additionally relate to differences in overall decomposition/production values, with poor fens having less decomposition and low NPP compared to rich fens (Bayley et al. 2005; Vitt et al. 2009 ).
Few studies have quantified nutrient cycling potentials of soil substrates used for oil sands wetland reclamations (McMillan et al. 2007; Hemstock et al. 2010; Mackenzie and Quideau 2012) . In a controlled laboratory experiment, Mackenzie and Quideau (2012) found that net N mineralization potentials for stockpiled peat-mineral soils were slower (about 0.5 mg N kg -1 day -1
) than net N mineralization rates observed in undisturbed Albertan fens (Bayley et al. 2005) . However, the effects of environmental factors (e.g., temperature, total precipitation, and soil moisture gradients) may cause unexpected nutrient turnover patterns in some reclaimed wetland systems that may not manifest in a D r a f t 6 controlled laboratory setting. Designing field net N mineralization experiments on reclaimed sites therefore are important to 1) assess abiotic effects on N mineralization, and 2) determine if inorganic N production potentials are sufficient to meet plant and microbial N demands; seeing that Yu et al. (2010) showed fens exhibit the highest productivity rates subsequent to initiation. Moreover, N deficiencies at reclamation sites may reduce fitness of desirable fen species (i.e., planted species) during early stages of wetland reclamation, potentially enabling colonization by undesirable transient plants whose presence has long-term effects on community structure (Trowbridge 2007 In this field study, we assess net N mineralization, net nitrification, water chemistry patterns, and soil characteristics at a recently constructed fen reclamation site, and compare observations to six benchmark fens in the AOSR. From these data, we attempt to capture the entire range of net N mineralization variance across the diverse gradient of regional fen types, and determine if inorganic N production rates at a recently constructed fen reclamation site are on trajectories to exhibiting rates equivalent to undisturbed fens. We also assess the major controls on N mineralization and nitrification, in order to determine if the factors controlling nutrient turnover at a reclamation site are similar to benchmark fens. water, the marsh species Typha latifolia was common, and in areas prone to late season drying, the grass, Calamagrostis canadensis, was dominant. Vegetation patterns and species assemblages across SHF are described in Vitt et al. (2016) . Detailed information on the construction and engineering of SHF are found in Wytrykush et al. (2012) and Vitt and House (2015) .
Materials and Methods

Climate
Experimental Design
Across the six benchmark fen sites, in years 2013 and 2014, research plots (n=8 for each site) were established randomly along transects bisecting the interior of each peatland. At SHF, in fall 2011, research plots (n=20; 10m x 10m) were established in locations where it was predicted water would saturate the soil surface subsequent to site flooding. Several unforeseen watershed design factors at SHF, however, constricted the wetland area from the proposed wetland boundaries. Consequently, some research plots were localized in areas that remained moist over the growing season, and others occupied areas where water tables were below the placed peat surface. To account for within-site D r a f t moisture gradient differences at SHF, the twenty original research plots were separated into 'wet' and 'dry' groupings (n=10 for each group), and treated as two independent sites (SHF wet and SHF dry), thereby capturing potential consequences of low soil moisture levels on ecosystem processes during the early stages of wetland reclamation. The presence or absence of standing water across SHF research plots was assessed in June, July and September of each year. Wet plots were those that remained submerged for at least one month each growing season, and for dry plots the soil surface was exposed above the water table throughout the entirety of both growing seasons.
Net N mineralization rates were quantified using the in situ buried polyethylene bag technique (Robertson 1999; Bayley et al. 2005) . In mid-June (2013 and 2014), soil cores (0-10 cm) were collected with a cylindric aluminum corer (6.5 x 10 cm), halved longitudinally with a serrated bread knife, and placed into separate polyethylene Whirl Pak ® bags (hereafter referred to as initial extractable N core, and final extractable N core) at field moisture content. At SHF, soil cores were collected two days after the fen drainage event in 2013, and soil cores were still quite moist across the wet plots. Live plants were removed from each soil core prior to placement into Whirl Pak ® bags. Immediately after collection from the field, initial extractable N cores were taken to a laboratory for processing and extraction (60 min per extraction) with 1.0 molar KCl to displace initial extractable ammonium and nitrate contents (modified from Verhoeven et al. 1990 ). For the final extractable N cores, after being placed into polyethylene Whirl Pak ® bags, samples were reburied in the same peat profile location from which they were removed. Incubation cores remained in the peat matrix for approximately 30 days. Following the field incubation period, final extractable N cores were collected and immediately taken to a laboratory for processing and extraction. Net N mineralization was calculated from the difference between final extractable ammonium + nitrate contents (obtained from the field incubation cores) and initial extractable ammonium + nitrate contents (obtained from the initial cores) (Robertson 1999 (Robertson 1999) . Extractable ammonium and nitrate concentrations were measured on a N autoanalyzer using the alkaline phenol and cadmium reduction methods, respectively.
In addition to measuring N mineralization, additional volumetric peat cores (6.5 x 10 cm) and surface-water samples were collected several times over the 2013 and 2014 growing seasons (JuneSeptember) to assess differences both across sites and between years for soil characteristics (e.g., gravimetric soil water content, bulk density, % organic matter (as loss on combustion), total N, total carbon, and soil temperature) and water chemistry patterns (e.g., pH, EC, and dissolved ammonium and nitrate). For sites exhibiting surface-water pH < 5.5, reported EC values were reduced for H + ions (Sjörs 1950) . Seasonal surface-water samples were collected in acid-washed 60 mL HDPE bottles. Water samples were filtered with whatman 541 filter paper and frozen on the same day of collection. Reduced EC and pH were measured in the lab at 20 ο C. Ammonium and nitrate concentrations were determined colorimetrically using the aforementioned methods.
Statistical Analyses
Differences across study sites for each parameter were assessed using a two-way analysis of variance (ANOVA) design with site and year as fixed factors. Because surface-water was absent from dry plot localities at the reclamation site, reported surface-water observations at SHF were from wet plots only.
Non-normal datasets were square root or log transformed to improve homoscedasticity. Significance was assigned at α = 0.05. Post hoc comparisons were made using Tukey's test. All two-way ANOVA tests were conducted using R version 3.1.1. Single-factor regression analyses were used to coarsely assess surface-water and soil properties that controlled net N mineralization and nitrification within each peatland site type (observations from peatlands of the same type were pooled for regression analyses).
We subsequently examined whether the same properties controlling N mineralization and nitrification in SHF wet and dry plots were similar to benchmark sites. All datasets used for regression analyses were D r a f t log transformed (except for pH) to improve homoscedasticity (Booth et al. 2005) . Because surface-water was absent from dry plot localities at the reclamation site, determining relationships with surface-water characteristics was precluded.
Results
Climate Patterns
Total growing 
Surface-water Chemistry
There was a significant interaction between the factors site and year for surface-water pH (F 6, 324 =8.9; p<0.001), however, MRF2 was the only site that experienced a significant change in pH between the two years (Table 1) . Surface-water pH ranged from 3.8-9.9, with SHF wet plots and ERF exhibiting the most basic conditions, while the poor fens were the most acidic. The moderate rich fens MRF1 and MRF2
were slightly basic, whereas MRF3 was slightly acidic. There was a significant interaction between the factors site and year for surface-water EC (F 6, 323 =37.3; p<0.001), and SHF wet plots were the only site to experience a change in EC between years ( 
Soil Analysis
For gravimetric soil water content, differences were apparent across sites only (F 7, 373 =194.0; p<0.001) ( Table 2) . At the benchmark sites, gravimetric soil water content was greater than 90%, however, for SHF wet and dry plots, mean gravimetric soil water content was markedly lower (73% and 61%, respectively). Differences for soil bulk density (0 -10 cm cores) were apparent across sites only (F 7, 378 =421.2; p<0.001) ( Table 2 ). Bulk density was exceptionally high across SHF wet and dry plots, and linked across the benchmark fens by peatland site type, with SHF wet and dry plots > ERF, MRF1-3 > PF1-2. For soil organic matter content, sampling was carried out at SHF in 2013 and 2014, and in 2013 only for benchmark sites; thereby precluding statistical analysis. In general, soil organic matter trends were inversely related to bulk density, with SHF wet and dry plots < ERF, MRF1-3 < PF1-2 (Table 2 ). For N contents in soil, differences were observed across sites only (F 7, 378 =100.8; p<0.001) ( 
Soil Extractable Nitrogen Contents
There was a significant interaction between the factors site and year for soil extractable ammonium contents (0-10 cm cores) on both areal and gravimetric normalization metrics (F 7, 119 =17.5; p<0.001 and F 7, 118 =15.2; p<0.001, respectively) ( Fig. 2a-b ) ( Fig. 2a-b) . For soil extractable nitrate, patterns were similar to extractable ammonium observations, and interactions were observed on both areal and gravimetric normalization metrics (F 7, 116 =13.0; p<0.001 and F 7, 114 =12.0; p<0.001, respectively) ( Fig. 3a-b ) ( Fig. 3a-b 
Nitrogen Mineralization and Nitrification
There was a significant interaction between the factors site and year for net N mineralization rates on an areal basis (F 7, 118 =3.2; p=0.004) (Fig. 4a) . On a gravimetric basis, differences were observed across sites only (F 7, 124 =11.2; p<0.001) (Fig. 4b) . At benchmark sites, areal and gravimetric rates ranged from -1.9 -82.2 mg N m -2 day -1 and -12.9 -26.6 mg N kg -1 day -1
, respectively ( Fig. 4a-b) . At the SHF reclamation site, N mineralization rates exhibited considerable overlap with the benchmark fens. Across wet plots, areal and gravimetric rates ranged from -1.9 -53.9 mg N m -2 day -1 and -0.3 -3.5 mg N kg -1 day -1
, respectively
( Fig. 4a-b) . Across dry plots, net N mineralization ranged from 0.6 -64.2 mg N m -2 day -1 and -0.6 -3.1 mg N kg -1 day -1 (Fig. 2a-b were nearly equivalent to wet plot observations.
For net nitrification, there were significant effects for the factors site (F 7, 126 =13.1; p<0.001) and year (F 1, 126 =14.4; p<0.001) on an areal basis only, and no differences were observed on a gravimetric basis ( Fig. 5a-b) . Across benchmark sites and SHF wet plots, net nitrification rates were slow and contributed little to the net N mineralization total for both areal and gravimetric normalization metrics ( Fig. 5a-b suggesting that N mineralization in these systems were controlled by many interacting properties (Table   3 ). At the extreme rich fen (ERF), no surface-water or soil properties correlated with net N mineralization observations, however, the likelihood of distinguishing causal effects at ERF was low due to low statistical power from small sample size (n=16) ( Table 3) (Table 3) . Across the poor fen benchmark sites (PF1-2), net N mineralization was positively correlated with increasing gravimetric soil water content only (areal R 2 = 0.29) ( 
D r a f t
Plotting net nitrification rates against surface-water and soil properties at benchmark sites produced several strong correlations, suggesting that nitrification is a tightly controlled process in fens ( Surface-water nitrate concentrations were the only factor that correlated with nitrification across the poor fens, and the relationship was quite weak (areal R 2 =-0.13) ( Table 4) 
Discussion
The Sandhill Fen (SHF) experimental watershed is Syncrude Canada, Ltd's first attempt to construct wetlands on a previously mined in-pit. Planning for the reclamation project was highly collaborative and spanned many scientific disciplines (e.g., vertebrate ecology, invertebrate ecology, plant ecology, D r a f t microbial ecology, soil biogeochemistry, and hydrology). Here, our discussion is centered on surfacewater properties, soil characteristics and net N mineralization rates at SHF after two years of reclamation. In order to assess the current status and/or potential succession trajectories of SHF, we compared observations to six regional benchmark fens that encompass three unique fen site types (e.g., extreme rich, moderate rich, and poor fens).
Surface-water Properties
For most surface-water properties measured, observations across benchmark sites coincide with other . Overall, the MRF1 site was an outlier, and exhibited many soil characteristics that differed from MRF2-3. Soil N and carbon contents at MRF1 generally were lower than MRF2-3, and may be attributed to the relatively young age of MRF1 (approximately 8 years since initiation). Species richness at MRF1 was low (data not shown) and the early succession sedge Carex aquatilis was quite abundant. High C. aquatilis abundance coupled with low species richness potentially conspired at MRF1
to yield peat deposits of poorer quality.
For SHF soil properties, observations were similar to peat-mineral mix observations assessed in
McMillan et al. (2007), Hemstock et al. (2010) and Mackenzie and Quideau (2012) . The stockpiled peat placed across the wetland interior of SHF in 2011 was quite heterogeneous, and contained material from Sphagnum-dominated systems, rich fens, and significant fractions of mineral mix soil substrates.
Overall, total soil N contents, C:N ratios, and soil temperatures at SHF were comparable to the benchmark sites, whereas gravimetric soil moisture, soil bulk density, total soil carbon contents, and organic matter contents were markedly different. The intrinsic properties of mineral soils are quite dissimilar from organic soil types, and were responsible for causing the across site differences for bulk density and organic matter contents between SHF and benchmark sites. High bulk density at SHF additionally affected peat moisture levels, whereby highly compacted soil cores at SHF contained fewer water filled pore-water spaces in comparison to the benchmark sites. As the reclamation site continues to mature, we predict that inputs of organic material from root production and litter deposition may transform SHF wet plot soils into an environment most similar to the MRF1 site. However, the future trajectories of SHF dry plot soils are unclear, given that carbon accumulation potentials may be affected by the aerobic status of soils exposed above the water table.
Soil Extractable Nitrogen D r a f t
20
We reported soil extractable nutrient contents using both areal and gravimetric normalization metrics to highlight the effects of soil bulk density, namely for wet and dry plots at SHF. On a gravimetric basis, observations for extractable nutrient contents across benchmark sites were similar to Bayley et al. (2005) over both growing seasons. With the exception of PF2 in 2014, ammonium was the dominant nutrient extracted from soils, coinciding with Macrae et al. (2013) , Andersen et al. (2013), and Wood et al. (2015) . Across site differences for extractable nutrient contents were slight, with the exception of extractable nitrate contents observed at PF2 in 2014, which were markedly higher than the other sites.
Unexpected spikes for soil extractable nitrate were also reported by Wood et al. (2015) , suggesting that unique site conditions at the time of sampling may affect soil extractable nutrient contents a great deal.
At SHF, similar to benchmark sites, extractable ammonium and nitrate contents were higher in 2014 compared to 2013, and ammonium was the dominant nutrient extracted from soils. On an areal basis, soil extractable ammonium and nitrate contents either exceeded or were equivalent to observations across benchmark sites over both years, suggesting that exchangeable inorganic N pools are not a factor of concern at the current stage of reclamation. Assessing soil extractable ammonium and nitrate contents on a gravimetric basis, however, yielded skewed results, given that soil bulk density across wet and dry plots at SHF were 5-20 times greater than benchmark sites.
Benchmark Net Nitrogen Mineralization and Nitrification Patterns
Net N mineralization rates across benchmark sites were highly variable, especially for rich fen site types, but compare well with other Albertan studies that utilized the in situ buried bag approach (Humphrey and Pluth 1996; Bayley et al. 2005; Wood et al. 2015) . On both areal and gravimetric metrics, mean net N mineralization rates were slowest across the Sphagnum-dominated poor fens and fastest across rich fen sites, corresponding with patterns previously observed by Updegraff et al. (1995) , Bridgham et al. (1998) , Bayley et al. (2005) and Fellman and D'Amore (2007) , studies that compared net N D r a f t mineralization rates across a gradient of minerotrophy in peatlands. Although single-factor regression analysis revealed few factors that influenced net N mineralization, sites with the highest soil N contents and low C:N ratios generally exhibited the fastest N mineralization rates, corroborating ecological theory and findings from Damman (1988) and Schimel and Bennett (2004) .
Net nitrification rates across the benchmark sites were quite slow on both areal and gravimetric normalization metrics, and provided minimal contributions to the net N mineralization total.
Observations of slow net nitrification rates are characteristic of most studies utilizing the in situ buried bag approach (Williams and Wheatley 1988; Humphrey and Pluth 1996; Devito et al. 1999; Bayley et al. 2005; Fellman and D'Amore 2007; Wray and Bayley 2008; Macrae et al. 2013; Andersen et al. 2013; Wood et al. 2015) . In our study, there was a significant effect of year on nitrification, whereby 2014 rates were about four times faster than 2013 observations, suggesting that higher water tables in 2013 potentially drove down nitrification potentials by shrinking aerobic zones in the peat profile. In addition, nitrification rates across ERF and MRF1-3 were correlated with several factors, suggesting that nitrification is under tighter biotic and abiotic controls in moderate and extreme rich fens than N mineralization.
Sandhill Fen Net Nitrogen Mineralization and Nitrification Patterns
Assessing microbial-mediated processes across recently reclaimed or restored peatlands is important,
given that peatland functionality is a product of several above and belowground feedbacks. If key microbial-mediated reactions are proceeding at unprecedented and/or insufficient rates, early diagnosis and rapid management responses by reclamation practitioners may alleviate these undesired observations from hindering reclamation success. In the first growing season, areal net N mineralization rates across SHF wet and dry plots were similar to three out of six benchmark fens (ERF and PF1-2). In the second year, net N mineralization rates in wet and dry plots increased nearly 2-fold from 2013 D r a f t 22 observations, and were equivalent to all benchmark sites, especially ERF and MRF1-2. On a gravimetric basis, our observations were quite similar to observations from Mackenzie and Quideau (2012) over both growing seasons. Because soil bulk density was markedly higher across SHF wet and dry plots, mean net N mineralization rates were slower than all benchmark sites, yet, statistically equivalent to all sites except MRF1-2. Surface-water EC and nitrate concentrations were relatively strong controllers of N mineralization in SHF wet plots, but, did not influence N mineralization rates across the benchmark fens.
Because sample size was small for correlation analyses against surface-water parameters at SHF (n=9), it is possible these relationships manifested from chance alone. Soil extractable ammonium correlated with N mineralization across both wet (gravimetric R 2 =0.40) and dry plots (gravimetric R 2 =0.25), but again, did not affect rates across the benchmark fens. Given that nitrification contributed more to the net N mineralization total across both wet and dry plots at SHF, and ammonium pools are necessary for nitrification, we suspect relationships with soil extractable ammonium were autocorrelated with nitrification observations. Overall, the environmental factors controlling N mineralization at SHF were quite dissimilar from benchmark fens, highlighting that microbial mediated processes at SHF potentially are controlled by novel interactions at the current stage of reclamation.
Areal net nitrification rates across SHF wet plots were similar to benchmark sites (Fig. 5a ).
Across dry plots, however, areal nitrification rates were markedly faster than benchmark fens, and contributed over 50% to the net N mineralization total in both years. On a gravimetric basis, although mean nitrification rates were fastest in SHF dry plots, there were no significant differences across sites or between years. Nitrification rates across wet plots were tightly controlled by a myriad of factors that overlapped with ERF and MRF to some degree, namely, surface-water pH and soil extractable ammonium contents. Although bulk density failed to control nitrification at benchmark sites, the degree of soil compaction was important at SHF, and correlated with nitrification across both wet and dry plots
with increasing soil moisture (R 2 =0.34). Gravimetric soil moisture across SHF wet plots (mean=73%) was lower than benchmark sites (>90%), and plots at the upper end of the soil moisture spectrum potentially fell below a threshold moisture level that inhibits nitrification. The fact that nitrification in wet plots were positively correlated with high soil C:N ratios is also puzzling, as previous studies show inorganic N production potentials decrease as soil C:N ratios rise above 30:1 (Damman 1988 ). Soil C:N ratios were somewhat deceiving at SHF considering some plots contained fractions of clay-mineral deposits (with low total soil carbon and nitrogen contents); an artifact of placing stockpiled peat across the wetland. In addition, observations of low soil organic matter contents characteristic of SHF soils suggest the reclamation site is more carbon limited at the current stage of reclamation in comparison to the benchmark sites. For SHF dry plots specifically, soil moisture levels were on average 10-15% lower than wet plots. In some dry plot areas, iron oxidation and subsequent rust formation was observed on surveying flags > 50 cm deep into the soil profile (data not shown), which certainly increased nitrification potentials across areas of SHF exposed above the water table throughout the entirety of the growing season. In addition, weedy annual plant species, as well as the perennial grass Calamagrostis canadensis have established and outcompeted desirable wetland species (C. aquatilis) across dry wet transition zones. After two growing seasons, net N mineralization patterns, net nitrification patterns and above ground plant assemblages in dry plots are transitioning into ecological analogues similar to upland or riparian systems (Vitt et al. 2016 ).
Conclusions
Overall, the key characteristics observed across benchmark sites are 1) mean net N mineralization rates were faster in rich fens than poor fens, and 2) net nitrification was slow across all benchmark sites. After two years of reclamation, SHF exhibited several physical, chemical, and functional characteristics that were similar to the benchmark sites, although, many observations were unique to SHF alone. The D r a f t 24 majority of these differences at SHF centered on soil characteristics that may change over relatively short time scales as wetland plants continue to add organic material to the rhizosphere via annual root production and litter deposition, in a similar fashion as the MRF1 benchmark site. Over both buried bag incubation periods (2013 and 2014) , net N mineralization rates across SHF wet and dry plots were equivalent to several benchmark sites. This observation suggests the amount of plant available inorganic N remaining following microbial immobilization should not limit NPP rates at the current stage of reclamation, and the return of microbial activity at the reclamation site was quite resilient. Based on surface-water and N mineralization observations, plots localized in wet areas at SHF were most similar to ERF and MRF sites. Dry areas at SHF, however, exhibited few fen characteristics, and net N mineralization was dominated by nitrification, a situation characteristic of upland systems. Wetland reclamation success may be achieved across some wet plots at SHF, and many aspects of peatland functionality (i.e., carbon sink capacity) may be restored. Going forward, to improve the probability of success for future wetland reclamations on previously mined in-pits, managing water tables at appropriate levels during the early the stages of fen reclamation is key. Utilizing net N mineralization as an indicator for site performance can be a useful tool for evaluating the overall 'health' of the belowground environment, and provides useful information to improve future wetland reclamations. 
D r a f t
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Values are means ± standard deviations in parentheses. For each factor measured the approximate number of observations was N=390 (except for loss-on-combustion organic matter content; N=48). For each parameter, differences were determined by a 2 × 8 factorial ANOVA, differing superscript letters indicate site differences, differing superscript numbers indicate year differences (α = 0.05, Tukey's HSD). *Represents missing data points for benchmark fens that were sampled for organic matter content in 2013 only. 129x195mm (300 x 300 DPI)
D r a f t
